The quasar 3C 279 was the target of an extensive multiwavelength monitoring campaign from January through April 2006, including an optical-IR-radio Whole Earth Blazar Telescope (WEBT) campaign and Target of Opportunity X-ray and soft γ-ray observations with Chandra and INTEGRAL in mid-January 2006, with additional X-ray coverage by RXTE and Swift XRT as well as independent very-high-energy (VHE) γ-ray observations by MAGIC, which led to the first-ever reported tentative detection of a quasar at VHE γ-rays. In this paper we summarize the results of the WEBT campaign.
Introduction
The quasar 3C279 (z = 0.538) is one of the best-observed flat-spectrum radio quasars (FSRQs), not least because of its prominent γ-ray flare shortly after the launch of CGRO in 1991. It has been persistently detected by EGRET each time it was observed, and is known to vary in γ-ray flux by roughly two orders of magnitude.
1,2 Also at optical wavelengths, 3C 279 has exhibited substantial variability over up to two orders of magnitude (R ∼ 12.5-17.5) on a variety of different time scales, from years down to intra-day time scales. Pian et al. 3 have also identified an X-ray spectral variability trend in archival ROSAT data, indicating a lag of ∼ 2-3 days of the soft X-ray spectral hardening behind a flux increase. Weak evidence for spectral variability was also found within the EGRET (MeV-GeV) energy range. 4 The quasar 3C 279 was the first object in which superluminal motion was discovered. 5, 6 Characteristic apparent speeds of individual radio components range up to β app ∼ 17, 6, 7 indicating pattern flow speeds with bulk Lorentz factors of up to Γ ∼ 17. VLBA polarimetry indicates that the electric field vector is generally well aligned with the jet direction on pc to kpc scales, 7, 8 indicating that the magnetic field might be predominantly perpendicular to the jet on those length scales.
Hartman et al. 9 have investigated cross correlations between different wavelength ranges, in particular, between optical, X-ray, and γ-ray variability. In that work, a general picture of a positive correlation between optical, X-ray and γ-ray activity emerged, but no consistent trends of time lags between the different wavelength ranges were found.
The discussion above illustrates that, in spite of the intensive past observational efforts, the physics driving the broadband spectral variability properties of 3C 279 are still rather poorly understood. For this reason, an intensive multiwavelength campaign in an optical high state was carried out, in order to investigate its correlated radio-IR-optical-X-ray-soft γ-ray variability. The campaign involved intensive radio, near-IR (JHK), and optical monitoring by the WEBT a collaboration from January to April of 2006, focusing on a core period of Jan. and Feb. 2006. X-ray and soft γ observations were carried out by all instruments on board the International Gamma-Ray Astrophysics Laboratory (INTEGRAL) on Jan. [13] [14] [15] [16] [17] [18] [19] [20] 2006 . Additional, simultaneous X-ray coverage was obtained by Chandra and Swift XRT. These observations were supplemented by extended X-ray monitoring with the Rossi X-Ray Timing Explorer (RXTE). Independent of our campaign, the object was also observed by the MAGIC collaboration, leading to a tentative detection on Feb. 23, 2006. 10 In this paper, we summarize the results of the WEBT (radio-IR-optical) campaign. A more comprehensive exposition of the results can be found in Böttcher et al. 11 Throughout this paper, we refer to α as the energy spectral index,
A cosmology with Ω m = 0.3, Ω Λ = 0.7, and H 0 = 70 km s
is used. In this cosmology the luminosity distance of 3C 279 (z = 0.538) is d L = 3.1 Gpc.
Observations, Data Reduction and Light Curves
The overall timeline of the campaign, along with the measured long-term light curves at radio and optical frequencies is illustrated in Fig. 1 . In total, 25 groundbased radio, infrared, and optical telescopes in 12 countries on 4 continents contributed 2173 data points.
a http://www.to.astro.it/blazars/webt The observing strategy and data analysis followed the standard procedure for WEBT campaigns.
12-15 The data were de-reddened 16 based on A B = 0.123 mag and E(B − V ) = 0.029 mag. Possible contaminations of the optical color information from contributions from the host galaxy and the optical -UV emission from an accretion disk are not expected to be significant in the case of our campaign data.
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The optical (and radio) light curves from December 2005 to April 2006 are displayed in Fig. 1 . The densest coverage was obtained in the R band, and the figure clearly indicates that the variability in B, V, and I bands closely tracks the R-band behavior. The optical light curves show variability with magnitude changes of typically 0.5 mag on time scales of a few days. The most notable exception to this relatively moderate variability is the major dip of the brightnesses in all optical bands right around our coordinated X-ray / soft γ-ray observations in January 2006 (≈ JD 2453742-2453770). In the R-band, the light curve followed an unusually clean exponential decay over 1.1 mags. in 13 days, i.e., a flux decay as F (t) = F (t At radio frequencies, 3C 279 was monitored using the 14 m Metsähovi Radio Telescope of the Helsinki University of Technology, at 37 GHz, the 32-m radio telescope of the Medicina Radio Observatory near Bologna, Italy, at 5, 8, and 22 GHz, the 32-m antenna of the Noto Radio Observatory on Sicily, Italy, at 8 and 22 GHz, the 576-m ring telescope (RATAN-600) of the Russian Academy of Sciences, at 1, 2.3, 5, 8, 11, and 22 GHz, and the 22-m RT-22 dish at the Crimean Astrophysical Observatory, Ukraine, at 36 GHz.
The Metsähovi data have been reduced with the standard procedure described in Teräsranta et al. 17 The resulting 37 GHz light curve is reasonably well sampled during the period mid-January-mid-March 2006. Also included in Fig. 1 are the radio light curves at 5, 8, and 22 GHz. For details of the analysis of data from the Medicina and Noto radio observatories at those frequencies, see Bach et al. 18 As already apparent in Fig. 1 , most of the data at frequencies below 37 GHz were not well sampled on the 3-months time scale of the 2006 campaign, and any evidence for variability did not show a discernable correlation with the variability at higher (radio and optical) frequencies. Figure 2 shows the B-R color history over the entire campaign, compared to the B and R band light curves. Overall, there is no obvious correlation between the light curves and the color behavior of the source on long time scales. However, two short-term sequences attracted our attention: There is a sequence of brightness decline accompanied by a spectral hardening (declining B-R index) around JD 2453750 (Jan. 14, 2006) , and another sequence of a brightness increase accompanied by a spectral softening around JD 2453790-2453806 (Feb. 23-Mar. 11). However, we caution that incomplete sampling, in particular in the B-band may introduce spurious effects.
Optical Spectral Variability
In Fig. 3 , we focus on two ∼ 1-month optical flares, around mid-Jan.-mid-Feb. 2006, and late Feb.-late March 2006, as indicated by the gray shaded segments 1 and 2 in Fig. 2 . The number labels in the color-magnitude diagrams in Fig. 3 indicate the time ordering of the points. While there is no obvious trend discernible in Segment 1, Segment 2 suggests the presence of a spectral hysteresis pattern: The spectral softening around JD 2453790-2453806 (Feb. 23-Mar. 11), already mentioned above, precedes the main brightness increase. Subsequently, the optical continuum hardens while the source is still in a bright state. Such hysteresis would naturally lead to a B-band time lag behind the R-band, for which we do find a 3.9 σ evidence from a discrete correlation function analysis as described in the following section. 
Inter-Band Cross-Correlations and Time Lags
Our result of an occasional counterclockwise hysteresis in 3C 279 immediately suggests the existence of a characteristic time lag of higher-frequency behind lowerfrequency variability. In order to investigate this, we evaluated the discrete correlation function (CDF 19 ) between the R band and the other optical light curves. 
Broad-Band Spectral Energy Distribution
The most complete broadband coverage of 3C 279 during our campaign was obtained on January 15, 2006. The total snap-shot SED composed of all available radio, near-IR, optical, X-ray, and soft γ-ray observations around January 15, 2006 is displayed in Fig. 5 , where all near-IR and optical data are taken within ±1/2 hr of UT 05:00 on January 15. 
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While the optical (presumably synchrotron) emission component clearly indicates that the source was in an elevated state compared to previous low states, the simultaneous X-ray -soft-γ-ray spectrum is perfectly consistent with the low-state spectra of 1992/1993 and 2003.
The NIR-optical continuum can be very well represented by a single power-law with a spectral index of α o = 1.64 ± 0.04, corresponding to an underlying nonthermal electron distribution with a spectral index of p = 4.28 ± 0.08, if the optical continuum is synchrotron emission. As already pointed out in previous work, 20 the optical spectral index in 3C 279 does not show any systematic correlation with the brightness state of the source, and Fig. 5 20 The June 2003 SED is from Collmar et al. 21 Also included is the snap-shot SED (radio, optical, X-rays [RXTE PCA], VHE γ-rays) from February 23, for which the MAGIC collaboration claims a VHE detection. 10 The VHE flux has been corrected for intergalactic γ-ray absorption by τγγ = 3.0 22 and assuming an intrinsic power-law VHE spectrum with energy spectral index α = 2.0.
by τ γγ = 3.0 22 and assuming an intrinsic power-law VHE spectrum with energy spectral index α = 2.0. If the VHE detection is real and the adopted estimate of τ γγ is realistic, this SED strongly suggests the emergence of an additional, very hard VHE γ-ray emission component in the multi-GeV-TeV regime. Further discussion of the SEDs, along with a comprehensive analysis of the entire multiwavelength campaign, will be presented in a forthcoming paper (Collmar et al. 2008 , in preparation).
Discussion
In this section, we discuss some general physical implications of our results. In the following discussion, we will parameterize the magnetic field in units of Gauss and γ B = 4.5 × 10
The steep underlying electron spectrum with p = 4.5, inferred from the steep optical continuum, might indicate that the entire optical spectrum is produced by electrons in the fast-cooling regime. This implies that the radiative cooling time scale t cool (in the co-moving frame) of electrons emitting synchrotron radiation in the optical regime is shorter than the characteristic electron escape time scale t esc . Those time scales can be written as
where η ≥ 1 is the escape time scale parameter, and k is a correction factor accounting for radiative cooling via Compton losses in the Thomson regime in a radiation field with an energy density u rad ≡ k u sy . Requiring that the cooling time scale is shorter than the escape time scale, at least for electrons emitting in the R band, leads to a lower limit on the magnetic field:
which does not seem to pose a severe constraint, given the values of B ∼ a few G typically found for other FSRQs and also for 3C 279 from previous SED modeling analyses.
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Another estimate of the co-moving magnetic field can be found by assuming that the dominant portion of the time-averaged synchrotron spectrum is emitted by a power-law spectrum of electrons with N e (γ)
here, V B is the co-moving blob volume, and we use p = 4.5 as a representative value inferred from the optical continuum slope. The normalization constant n 0 = n e (1 − p)/ γ 
This constitutes a more useful and realistic magnetic-field estimate than Eq. (2). If, indeed, the optical emission is synchrotron emission from a fast-cooling electron distribution, then electrons have been primarily accelerated to a power-law distribution with an injection index of q = p − 1 = 3.5. This is much steeper than the canonical spectral index of q ∼ 2.2-2.3 found for acceleration on relativistic, parallel shocks, 23, 24 and could indicate an oblique magnetic-field orientation, 25,26 which would yield a consistent picture with the predominantly perpendicular magneticfield orientation observed on parsec-scales. The observed hard lag (B versus R) may then be the consequence of a gradual spectral hardening of the electron acceleration (injection) spectrum throughout the propagation of a relativistic shock front along the jet. Such a gradual hardening of the electron acceleration spectrum could be the consequence of the gradual build-up of hydromagnetic turbulence through the relativistic two-stream instability. 27 This turbulence would harden the relativistic electron distribution via 2nd-order Fermi acceleration processes. 28 The hard lag in the optical regime may also be indicative of a slow acceleration mechanism, with an acceleration time scale of the order of the observed B versus R lag. This would imply an acceleration rate oḟ
In this scenario, electrons could only be accelerated to at least γ B , if the acceleration rate of Eq. (4) is larger than the absolute value of the radiative (synchrotron + Compton) cooling rate corresponding to Eq. (1). This imposes an upper limit on the magnetic field: 
Previous modeling works of the SEDs of FSRQs in general and 3C 279 in particular indicated characteristic magnetic field values of a few Gauss, in approximate equipartition with the ultrarelativistic electron population. The unusually low equipartition parameter in Eq. (6) could therefore pose a problem for the slowacceleration scenario. Note, however, the very strong dependence of e B on the Doppler factor (∝ D 23/3 ). A Doppler factor D ∼ 20 could account for equipartition parameters of the order of one. Also, the energy requirements estimated above seem reasonable, and there does not appear to be a strict argument that would rule this scenario out.
Another scenario one could think of would be based on a decreasing magnetic field along the blazar jet, leading to a gradually increasing cooling break in the underlying electron distribution. This would require that the cooling time scale for electrons emitting synchrotron radiation in the optical regime would be equal to or longer than the escape time scale. Thus, the inequality in Eq. (2) would be reversed. This would require unreasonably low magnetic fields. Furthermore, this scenario would be in conflict with the typically observed unbroken snap-shot powerlaw continuum spectra throughout the optical-IR range. Therefore, this idea may be ruled out.
